INTRODUCTION
Overactive bladder (OAB) is a voiding dysfunction that commonly occurs in children. It is regarded as to be related to the detrusor contraction during bladder filling that occurs involuntarily or induced contraction that cannot be controlled. The hallmark of OAB is urgency regardless of the presence or absence of urge incontinence. It is frequently associated with daytime frequency and nocturia. Previous studies have shown that OAB is closely associated with constipation, and voiding symptoms are improved only by treatment of constipation. Thus, at the time of diagnosis, constipation should always be considered [1] [2] [3] [4] . However, the diagnosis of constipation is difficult because it depends on simple description by guardians and various defecation symptoms reported by the children themselves. Although it can be diagnosed by various methods, it remains difficult to diagnose constipation in clinics.
The aims of this study were to examine the prevalence of constipation in children with OAB by applying the Rome III criteria, the Bristol stool scale, and the Leech method, which 
MATERIALS AND METHODS
This study included 40 children aged between 4 and 9 years who visited the Department of Pediatrics, Hallym University Gangnam Sacred Heart Hospital, between September 2008 and February 2010 with chief complaints of urgency, frequency, and incontinence and who were subsequently diagnosed with OAB. To exclude urinary tract infection (UTI), each patient underwent urinalysis. Patients with congenital urinary tract conditions and neurological problems were excluded. A voiding questionnaire and a 2-day voiding diary, including the defecation habit and Bristol stool scale, were given to patients, and plain abdominal radiographs were taken. The Rome III diagnostic criteria have been used most widely for the diagnosis of constipation, and include two or more of the following categories: two or fewer defecation episodes per week, painful or hard stool, retentive posturing or excessive volitional stool retention, large fecal mass in the rectum, at least 1 episode of fecal incontinence per week, and large-diameter stools that may obstruct the toilet. The Bristol stool form scale evaluates constipation by stool cohesion and surface cracking. Patients with stools corresponding to type I (small, hard, and lump patterns that look like goat feces) and type II (several hard lumps that look like goat feces and form clusters) are considered constipated [5] . The Leech method diagnoses constipation by dividing plain abdominal radiographs into three compartments: the proximal area of the ascending colon and the transverse colon, the distal area of the transverse colon and the descending colon, and the colorectal area. The level of stool filling is scored between 0 and 5 points, and patients with a total score higher than 8 points are diagnosed with constipation [6] .
In this study, the scores were determined by a radiologist and a pediatrician independently, and their average scores were used. Patients who satisfied one or more of the above diagnostic criteria were diagnosed with constipation. On the basis of the voiding diary, lower urinary tract symptoms, defecation symptoms, and bladder volume were examined. The expected bladder volume was calculated by the Hjalmas formula: bladder volume (mL) =(age+1) ×30 [7] . The maximal voided volume was the maximal volume of the recorded voided volume in the voiding diary, and it was a surrogate to the functional bladder capacity. If the functional bladder capacity was less than 65% of the expected bladder capacity, it was considered a reduction of bladder capacity [8] .
Good therapeutic effect was defined as improved lower urinary tract symptoms according to a follow-up voiding diary after 3 months. Therapeutic effects according to the constipation diagnostic criteria were evaluated.
We used the SAS ver. 9.0 (SAS Institute Inc, Cary, NC, USA). The chi-square test and t-test were used to compare the therapeutic effects of constipation treatment on the alleviation of OAB. P-values of less than 0.05 were considered to be statistically significant.
RESULTS
The patients comprised 16 boys (40.0%) and 24 girls (60.0%). The patients' mean age was 6.4±1.9 years (range, 4 to 9 years). Of patients who experienced lower urinary tract symptoms, 37 (92.5%) had urgency, 32 (80%) had frequency, 15 (37.5%) had urge incontinence, 22 (55%) had daytime incontinence, 8 (20%) had enuresis, and 6 (15%) had nocturia (Table 1) . Constipation symptoms manifested as fecal incontinence (12.5%), two or fewer defecation episodes per week (7.5%), large-diameter stools that may obstruct the toilet (22.5%), painful or hard stools (42.5%), retentive posturing or excessive volitional stool retention (35.0%), abdominal pain (5.0%), and palpable fecal mass in the rectum (2.5%).
When OAB risk factors [7] were examined, enuresis (20.0%), fecal incontinence (12.5%), constipation that satisfied the Rome III diagnostic criteria (45.0%), Bristol stool scale type 1 or 2 (30.0%), Leech score higher than 8 points (57.5%), and history of UTI (15.0%) were found. Among 40 OAB patients, 25 (62.5%) had constipation. Of them, 6 (24%) patients experienced re- duced functional bladder capacity, but in comparison with the bladder capacity of OAB patients without constipation, the difference was not significant (P>0.05) ( Table 2) . As for OAB therapy, 16 patients (40%) were treated with anticholinergic agents, and 24 (60%) were treated with osmotic laxatives (Table 3) . Of 25 OAB patients with associated constipation, good outcome and poor outcome groups were compared among subgroups satisfying one or more of the constipation diagnostic criteria. Eight patients satisfied all 3 diagnostic criteria and 6 of the 8 (75%) experienced improved OAB by treatment with osmotic laxatives only (P =0.009). In patients who satisfied only one diagnostic criteria, the good outcome groups were 76.9% (10/13), 76.9% (10/13), and 69.6% (16/23) of the patients in the Rome III criteria (P<0.001), Bristol stool scale (P=0.004), and Leech score (P<0.001) subgroups, respectively (Table 4) .
DISCUSSION
OAB is a manifestation of urgency, regardless of urge incontinence, due to involuntary bladder contraction during the storage period. It is also known as hypersensitive bladder syndrome, urgency syndrome, overactive bladder syndrome, persistent infant bladder, and hypertonicity of the detrusor [9] . At the 2002 International Incontinence Conference, OAB was defined as urinary urgency regardless of urge incontinence, and it is associated with daytime and nighttime frequency in most cases. Nonetheless, it is not required to prove detrusor overactivity by urodynamic study [8] .
In a prospective multi-center study performed in 16 Korean medical school hospitals in 2006, the risk factors for OAB were examined. Enuresis, constipation, fecal incontinence, UTI history, and delayed toilet training were considered risk factors associated with OAB [10] . In our study of OAB, frequency and urgency occurred in 80 and 92.5% of patients, respectively, and it was the most common voiding symptom. Of the OAB risk factors, 45.0% of patients satisfied the Rome III diagnostic criteria, 30.0% corresponded to the Bristol stool scale type 1 or 2, and 57.5% scored higher than 8 points on the Leech score.
It is well known that OAB is closely associated with constipation. Furthermore, the results of studies on voiding symptoms improved only by treating constipation support this [2, 9, [10] [11] [12] [13] [14] [15] . It has been shown that constipation induces bladder dysfunction by the following mechanism: when the rectum is filled with stools, stretch receptors are stimulated and transmitted to the brain, which induces temporary involuntary contraction of the external anal sphincter and the puborectalis muscles. If defecation is not feasible, the muscles contract voluntarily. As the process becomes repeated, the feces accumulate within the rectum, and this shortens the bladder contraction period and ultimately bladder activity is abolished [16] . Another hypothesis suggests that when the rectum is distended, it compresses the adjacent bladder and decreases the functional bladder capacity [9] . Another hypothesis suggests that if stretch receptors are stimulated because of fecal accumulation, diverse patterns of bladder contraction occur and induce bladder instability [2, 4] . Our study showed no difference in functional bladder capacity in patients with OAB with and without constipation. Loening-Baucke et al. [1] reported that in 234 children with chronic constipation, the rate of association between incontinence and UTI was as follows: 29% for daytime incontinence, 34% for nighttime incontinence, and 11% for a history of UTI. With successful treatment of constipation, improvement was seen in 89% of patients with daytime incontinence, 63% of patients with nighttime incontinence, and 100% of patients with recurrent UTI without anatomical abnormalities.
However, the diagnosis of constipation in children differs from that in adults. Diagnosis in children is dependent on the description of guardians, and it remains a challenge clinically. The Rome II diagnostic criteria, which focus on symptoms, have been used from 1999, and the revised Rome III diagnostic criteria were suggested in 2006 [17] .
Other commonly used methods such as the Bristol stool form scale [18] and the Leech method assess the level of stools within the intestine by plain radiography [6, 19] . Additional methods include anorectal manometry, defecography, electromyography, and rectal biopsy.
In our study, children who satisfied more than one of three diagnostic methods (Rome III diagnostic criteria, Bristol stool form scale, and Leech method) were diagnosed as having constipation. Of the 40 OAB patients, 25 had associated constipation (62.5%). Among the 25 OAB patients with constipation, 8 patients satisfied all three diagnostic criteria, and in 6 of the 8 patients (75%), OAB symptoms improved by treatment with osmotic laxatives. In children who satisfied only one diagnostic criterion, therapeutic effects were seen in 76.9%, 76.9%, and 69.6%, respectively.
Our findings suggest that constipation should always be considered in the diagnosis of OAB. Also, together with the subjective Rome III diagnostic criteria, the Bristol stool form scale and the Leech method are noninvasive, economical, simple, and objective methods for the diagnosis of constipation and can be generally applied.
